Cyclic stretch stimulates nitric oxide synthase-1-dependent peroxynitrite formation by neonatal rat pulmonary artery smooth muscle.
Peroxynitrite, the reaction product of nitric oxide and superoxide, contributes to the pathogenesis of chronic pulmonary hypertension in immature animals by stimulating proliferation of pulmonary arterial smooth muscle cells (PASMCs). Pulmonary vasoconstriction, secondary to hypoxia and other stimuli, leads to enhanced pulsatile stretch of cells in the vascular wall, particularly in smooth muscle, which we hypothesized would cause increased peroxynitrite generation. Our objectives in this study were to determine whether cyclic mechanical stretch, at supraphysiologic levels, would cause increased production of reactive oxygen species (ROS), nitric oxide, and peroxynitrite in vitro. Early passage neonatal rat PASMCs were seeded and grown to subconfluence on collagen-coated elastomer-bottom plates and subjected to cyclic mechanical stretch (10% ("physiologic") or 20% ("supraphysiologic") at 0.5 Hz) for up to 24 h. Compared to nonstretched controls and to cells subjected to 10% stretch, 20% stretch increased H2O2 (stable marker of ROS) and nitrate/nitrite (stable marker of nitric oxide) in conditioned medium. These effects were accompanied by increased peroxynitrite, as evidenced by increased in situ dihydroethidium fluorescence and immunoreactive nitrotyrosine and by increased expression of nitric oxide synthase (NOS)-1 and NADPH oxidase 4 (NOX4), but not NOS-2. Stretch-induced H2O2 release and increased dihydroethidium fluorescence were prevented by pretreatment with a superoxide scavenger, nonspecific inhibitors of NADPH oxidase or NOS, or a peroxynitrite decomposition catalyst. Short-interfering RNA-mediated knockdown of NOS-1 or NOX4 attenuated increased nitric oxide and H2O2 content, respectively, in stretched-cell-conditioned medium. Knockdown of NOS-1 also attenuated increased immunoreactive nitrotyrosine content and stretch-induced proliferation, whereas knockdown of NOS-2 had no effect. We conclude that increased peroxynitrite generation by neonatal rat PASMCs subjected to supraphysiologic levels of cyclic stretch is NOS-1-dependent and that increased ROS production is predominantly mediated by NADPH oxidase, specifically NOX4.